Research on the effects of playing video games has been limited by a preoccupation with possible negative repercussions. Nevertheless, research has shown that video games can have positive effects on young players' social lives. The existing body of research, however, has largely ignored the more computer-related aspects of video game play and its effects. This study provides empirical evidence to support theoretical arguments about the relationship between playing video games and computers. The type of scientific thinking encouraged by video games and the technological abilities needed to play video games is suggested to result in an increase in players' confidence with computers and interest in computer science. These potential relationships are examined using data from over 1,000 undergraduate students to empirically assess the relationship between video game play and: 1) confidence with computers, and 2) interest in computer science. The results indicate that game play is statistically significant as a predictor of confidence and interest. In comparison to the other predictors in the model, the strength of the effect from playing video games is relatively very strong. The findings suggest that exposure to video games as a recreational technology help inform players' abilities with non-recreational technology and build an interest in technology in general.
Introduction
Too often, the benefits of leisure activity have been severely underestimated. We consider only the conventional benefit of relaxing and distancing ourselves from life stressors, but the benefits of leisure activities far surpass being only a simple distraction. Based on the chosen activity, participants can gain a variety of other benefits that reach across multiple aspects of their lives. One particular benefit is that leisure activities can positively shape specific aspects of our self-perceptions. For example, women participating in belly dance reported feeling empowered and more comfortable with their bodies as a result of their participation, even despite past physical victimization (Moe, 2014) . Others who participate in textile crafting as leisure activity have developed their values of sustainability through crafting by becoming more aware of their consumption and waste (Pöllänen, 2015) . Throughout the literature leisure has been shown to affirm pre-existing identities, but it is also a place for forming identities and personal growth (Mannell, 2007) . This development of the self through leisure is particularly important for activities that are often aimed at younger audiences, such as video games. The possible negative influences that video games can have on the development of the self have been heavily scrutinized in the past, but the ways in which interacting with video games may have a positive influence, particularly on younger players, have been largely overlooked.
Throughout their brief history, video games have suffered from a significant image problem. The public discussion around video games in recent years has focused primarily on the possibility of them inspiring violence in players and on other concerns about negative side effects (e.g., addiction). Indeed, these debates continue unabated (e.g., Bushman & Pollard-Sacks 2014; Ferguson et al.2014; Hoffman 2014; Gentile et al. 2011) . Although it would be premature to dismiss the potential negative outcomes at this time, the almost exclusive focus on negative outcomes and inattention to potential positive outcomes has been a barrier to understanding the benefits that may come with playing video games. In addition, the emphasis on violence has resulted in research that focuses predominately on first person shooter (FPS) video games. This ignores the fact that there is a wide array of video game genres, and it supports the ethnocentric idea that only FPS games (primarily American-produced games) matter and excludes the large number of games imported from Japan and other countries, in addition to the larger variety created in America as well (ESA, 2014) . The present study seeks to address this oversight in the research by examining possible social benefits of playing video gamesnamely increased confidence with computers and interest in computer science -from playing games from a multitude of different genres.
The Negative and Positive Effects of Gaming
Over the past two decades, much of the research published on video games has focused on possible negative outcomes, particularly with regards to violence. Using a variety of measurements and analytic techniques, research in this area has reported both evidence of a connection between violent games and violence or aggressive behavior (e.g., Anderson et al. 2008; Bartholow et al. 2005; Carnagey et al. 2007 ) and a lack of such an effect (e.g., Adachi & Willoughby 2011; DeCamp 2015; Ferguson et al. 2008; Gunter & Daly 2012) . In short, evidence about the connection is mixed at best. However, violence and aggression make up only a couple of the myriad of possible outcomes from gaming. Moreover, violent games, such as FPS games, make up the minority of games available to consumers. Even in this limited pool of games, FPS games require players to adeptly navigate a 3-dimensional space and take in audio and visual information quickly. This has been empirically shown to result in better spatial reasoning skills (Cherney 2008; De Lisi & Wolford, 2002; Feng et al. 2007; Green & Bavelier 2007) , multisensory processing (Donohue et al. 2010) , and visual working memory (Blacker et al. 2014) . Although no other genre of games has received as much attention as FPS games, a limited number of studies have examined the effects of other genres on players. Massively multiplayer online games (MMOs) have received some attention for the social aspects of the game and one study suggests that MMOs can develop leadership skills, such as fast-paced decision-making and sharing/delegating authority with others (Lisk et al. 2012) . Other studies have explored the potential of educational video games for being a better means of teaching students than traditional lecture method (Mayo 2009 ).
There is also a growing body of video game research focused more on the social effects of gaming. An early study on the effects of video games on children's leisure activities, schoolwork, and peer involvement found that school work and peer activities were largely unaffected by whether a child owned a game console or not (Creasey & Myers 1986) . Other studies have suggested part of the appeal of video games for boys is talking about them at school, suggesting that even playing alone is meant to serve a social function (Kunter, & Olson 2008) . One study examining the mood management abilities of video games found that violent video games reduced depression and hostile feelings in young adults (Ferguson & Rueda 2010) . Others researchers have suggested that video games may make players more likely to be helpful to others (Rosenberg et al. 2013) , and plot-heavy games encourage children to read books based on video games (Jolley 2008) . There is also a growing body of research regarding the role that video games and video game logic could play in education (Young et al. 2012) . Despite the new and expanding area of research into the positive effects of gaming, however, very few empirical studies have examined the relationship between video games and computer science.
Video Games and Computers
As previously noted, very few studies have examined the connection between playing video games and having an interest in computer science. Those that have examined the effect tend to find support for such a hypothesis. One researcher, for example, observed that when teaching high school students how to use 3-dimensional software in an art course, experiences with video games were informing how the students interacted with the program and made artistic choices (Gill 2009 ). Moreover, a study of African American high school students working as video game testers found that 65% of the participants studied computer science after high school (DiSalvo et al. 2014) . Although the study focused on students who were paid to test video games, which already represents a biased sample, the evidence nonetheless supports the notion that video games could be used to create an interest in computer science.
In addition to the more specific benefits outlined in past studies, it has also been theorized that the logic of video games encourages a particular way of thinking and interpreting information in players. In What Video Games Have to Teach Us about Learning and Literacy (2003) , James Paul Gee argues that the logic used when playing video games is similar to the logic behind the scientific method. He suggests that video games teach players to identify patterns, form a hypothesis, test this hypothesis, and then evaluate the results. Gee goes as far as to point out that science classes often give children information about the world in the form of facts, but that video games give children a new world where they can discover things on their own. In the classroom, students are taught the scientific method, but in video games they can actually employ it.
Another author has extended this argument by suggesting that video games help prepare players for the science, technology, engineering, and mathematics (STEM) fields by teaching them to think and reason in a scientific manner (Johnson 2005) . It could also be argued that the more types of video games a player is exposed to, the more practice they will have using this type of thinking. Because gameplay is often similar in games of the same genre, once a player has identified certain patterns in one game, they can apply this knowledge to the next game. This is part of why experienced video game players can learn and master a new video game much faster than inexperienced players. Playing different games and different genres of games requires constantly finding new patterns and forming new hypotheses. Empirical research has found significant effects between playing video games and problem solving skills. A longitudinal study by Adachi and Willoughby (2013) found that players of strategic video games had higher self-reported problem solving skills and also had higher academic achievement via an indirect effect. The study is also unique in its focus on strategy games over the more dominant focus of FPS games that currently exists in the literature.
When taken together, the past literature suggests that video games may increase a player's technological literacy. The definitions of technological literacy vary, but in general it refers to an individual's ability to use technology effectively in solving problems. More specifically it is has been argued that interactions and experience with video games can address aspects of each of three dimensions: knowledge, critical thinking or decision making, and capability (Gamire & Pearson, 2006) . Within games, players are encouraged to test boundaries (Gee 2003) which gives players a knowledge of constraints and limitations. The dimension of critical thinking and decision making, which video games are argued to develop in players, are similar to that of the scientific reasoning (Johnson 2005) . Finally, capabilities refers to what we often more generally think of as technological skills. A person's experiences with technology and ability to identify and troubleshoot problems. Setting up video games and dealing with any problems that arise with the physical gaming hardware is one of example of this, but even more so is that many video games require a player to negotiate 3-D space quickly and effectively. These examples apply to even casual video game players, but those more invested in video games are even more likely to have experience understanding the engines used to create different types of games or nuances in hardware between different console systems. Unlike many other forms of technology that serve primarily utilitarian purposes, video games are first and foremost a recreational technology. The vast majority of players are unlikely to engage with video games with the purpose of developing technological literacy, but in the pursuit of recreation end up developing such literacy nonetheless. This applies even if they only engage in the most casual sense, but especially for players more intensely engaged with gaming.
The current study builds on these arguments by exploring the relationship between playing a variety of video games and confidence with computers, as well as interest in computer science. Because video games are a leisure activity often aimed at younger audiences, players may develop a familiarity with digital technology that can later be examined as college students. Through video games players engage with a number of different interfaces, patterns, logic, and potential situations for troubleshooting technical issues. Because of this experience, the more players engage with video games, the more likely it is that they will become interested in other functional aspects of digital technology, namely computers, even if they do not use computers as their primary gaming device. However, the argument is not that playing Minesweeper for several hours each day will result in the development of technological literacy. Instead, it is the breadth of experience with video games that leads to stronger technological literacy. Each genre of game offers a different mechanical emphasis (thought this can vary greatly even within a genre). For example, FPS games such as Halo series require players to navigate 3-D space adeptly. Strategy games like the Civilizations series require plays to manage a great deal of data management, both visually through the game's graphics, but also through navigating multiple tables of data. The more advanced players often seek the most efficient means to manage these data. Even Massively Multiplayer Online games (MMOs), such as World of Warcarft, require players to find ways to communicate effectively with each other to accomplish goals, either by text-based or voice-based chats. With each genre a player engages in, they have the opportunity to develop skills related to other areas of technology if they want to master the game. Through multiple means -such as scores, the ability to advance thorough a game's story, or achieving higher online rankings -these skills are developed in a setting that is fun and rewarding, leading to a positive association with these skills and tasks. The result is that a breadth of experience with video games potentially results in more confidence in abilities with a computer and an interest in computer science. The present study investigates this potential relationship.
Methods
Data were collected from full-time undergraduate students at a large, public, American Midwestern university during the spring semester of 2014. The university provided the researchers with a list of 6,000 randomly selected full-time undergraduate students. These students were sent an invitation via email to participate in a web survey and were promised anonymity by not having any identifying information included in the final dataset. There was no incentive offered for participating. After sending the invitation and a few reminder emails, 1,124 individuals participated. 1 The sample is 51% female and 78% non-Hispanic white, which are proportions within a few percentage points of the population in the region of the United States from which the sample was drawn. The median age of the sample is 20 years old, making it typical for college student age ranges.
Dependent Variables
From a variety of indicators about attitudes towards computers, two scales were constructed: confidence with computers and interest in computer science. Various statements were listed on the survey and participants were asked to select one of seven possible responses, ranging from strongly disagree to strongly agree, for each statement. The indicators used to construct confidence with computers ask about situations (e.g., "I often help my parents with computers") as well as their general attitude towards computers (e.g., "I believe it's worth my time to just play around on computers") to form a comprehensive impression of the subject's relationship with computers and particularly with troubleshooting computers. The full list of statements used is included as an appendix. The measures were combined by using a participant's mean score across all indicators. A reliability analysis indicated that these indicators scaled together with very high reliability (α = .909). Descriptive statistics for this and other variables are presented in Table 1 .
Interest in computer science was constructed to gauge the degree of interest a subject had in computer science. The full list of statements used for this measure is also included in the appendix. As with the former scale, this scale was constructed by using a participant's mean score across all indicators. 2 A reliability analysis indicated that these indicators scaled together with very high reliability (α = .930).
Independent Variables
The primary independent variables are related to gaming, including a scale measuring the diversity of gaming experiences and an indicator measuring the hours spent per week playing games. To test gaming diversity, the scale taps into participants' experiences with different genres of games and how often they play them. Although gaming genres have considerable overlap, the different genres of video games were broken down into 14 categories largely based around the standard industry 1 Reminder emails were only sent to those who neither participated nor opted out via a one-click unsubscribe link.
Although there is no way to determine whether students with an interest in technology were more likely to respond to a web-survey in this population, the data indicate that 6% of respondents were computer science majors. This is higher than the school's proportion of computer science majors, yet it is not remarkably different, suggesting only a slight bias. Moreover, the age of this sample and population would suggest a high comfort level with technology (including mobile devices, which could be used to access the survey) and American college students have regular access to technology, making the survey easily accessible for all students asked to participate. 2 A factor analysis suggests that the variables for confidence and interest scales combine for their respective composite measures best with a single factor solution. For confidence, the first factor includes 44% of variance for the 16 indicators, compared to only 7% for a second factor. For interest, this comparison is 47% to 11%. In both cases, it was decided to use only one factor given these results. All variables loaded well on the first factor, though the reverse-coded ones tended to form separate factors as well, likely as a byproduct of the methodological difference in response patterns. For simplicity, we chose to use the mean score across indicators rather than using factor loadings for the analyses presented here. Identical analyses using scores through factor extraction resulted in similar results leading to identical conclusions.
breakdown of genres. Genres vary in terms of the type of game play, skills needed to complete the game, degree of interaction with other players (both online and offline), and the game's emphasis on narrative. For each genre, subjects were asked how often in the past six months they have played that type of game. The genres consisted of casual, arcade/retro, group entertainment, role playing style, simulation, action, adventure, strategy, racing, independent, shooter, massively multiplayer online (MMO), realistic sports, and fighting. For clarification, each genre listed two to four examples of wellknown games. Subjects were also given two write-in options for games and genres not covered by the survey. Because nearly all responses actually did fit one of the existing categories, these answers were recoded into existing genres that best represented the write-ins. For each genre, subjects were given a seven-point scale from "never/have not heard of this genre" (0) to "daily or almost daily" (6). All the genres were then combined into a scale using the participant's mean score across all the indicators. This scale gives higher scores to players who play video games often, but also regularly plays different types of games. This means that subjects who responded that they play multiple genres will receive higher scores on average than those who play only one genre, regardless of how long they play that genre. This measure is particularly pertinent to studying attitudes toward computers, as different games require different skill sets of the player. Firstperson shooter style games, for example, generally require three-dimensional spatial reasoning, but strategy games focus on other skills, such as resource management. The scale for this measure has high reliability (α = .866).
The other variable used for gaming was hours spent playing video games per week. Participants were asked the question, "how many hours a week do you spend playing video games of any kind?" Responses in whole hours were entered by the participants. This represents a more traditional measure for gaming involvement and genre experiences in favor of simply using the total amount of gameplay.
In addition to the gaming measures, a variety of demographic variables were also used as control variables. These include age first used a computer, parents' education level, family income, gender, current age, and race/ethnicity. Age first used a computer included responses of: 4-6 years old (0), 7-9 years old (1), 10-12 years old (2), 13-15 years old (3), 16-18 years old (4), and 19 years or later (5). Parents' education level was measured with separate questions for mother and father. Responses were coded as less than high school (0), high school (1), two-year college degree (2), four-year college degree (3), master's degree (4), and doctorate, including Ph.D., M.D., and J.D. (5). Family income was measured using a ten-point scale from less than $10,000 to $91,000 and above. Current age was measured with categories of: 18 (0), 19 (1), 20 (2), 21 (3), 22 (4), 23 (5), and 24 or older (6).
Analyses
The dependent variables are both normally distributed with skewness and kurtosis levels within normal tolerance ranges, so ordinary least squares (OLS) regression will be used. Models will be estimated first for confidence with computers and then for interest in computer science. For each of these dependent variables, one model will be estimated with just the gaming predictors, one with just the control variables, and one with all variables included. This will allow for a comparison of how the effect of gaming compares to the effect from the other variables combined, providing greater insight in the final model in regards to how much the control variables affect the gaming variables and vice versa.
Missing data were handled using a split approach. First, some (98) participants simply stopped completing the survey part-way through. These participants were deleted listwise as they did not provide enough data to be included. Second, an additional 14 participants were similarly removed because they did not provide sufficient responses (i.e., answered fewer than half of the indicators) to reliably determine a mean score for the dependent variables. Finally, multiple imputation was used for the remaining cases missing data. Most cases (80%) were complete, and very few (5%) were missing on more than one indicator. Even the most commonly missing variable (family annual income) was still present for the vast majority of cases (92%). ---.06 ---0.00 1.00 Race/Ethnicity (Hispanic) ---.06 ---0.00 1.00 Race/Ethnicity (Asian) ---.05 ---0.00 1.00 Race/Ethnicity (Other Non-White) ---.05 ---0.00 1.00
Results
The results for the models predicting confidence with computers are presented in Table 2 . Model 1a estimates the effects of gaming involvement on confidence with computers. Both measures of gaming are statistically significant as predictors of confidence, with those who play a larger variety of game genres and those who play more often having higher levels of confidence with computers. The standardized effect for gaming diversity is far stronger than that of hours spent playing (.441 vs. .072, respectively). Model 1b estimates the effects of other variables on confidence. The age at which someone first used a computer is statistically significant, with those who started using a computer at a later age having lower confidence, all else being equal. Additionally, women also reported significantly lower levels of confidence with computers. Older individuals, on the other hand, had significantly more confidence than younger individuals, though the effect size was quite weak. Model 1c combines the previous two models and estimates the effects of all predictor variables on confidence with computers. The conclusions reached here are largely similar to those of the preceding models. Notably, hours spent playing games has lost about half its effect size (β=.072 to β=.033) and dropped to non-significant. In comparison, gaming diversity, though weaker (β=.441 to β=.350), is still significant and has the strongest effect in this model . Also different from Model 1b is the significance of the effect from mother's education, which has gained significance and indicates that those who have mothers with greater education levels have significantly less confidence with computers, running counter to what would be expected. 3 Another noteworthy change is that the effect size from gender has declined substantially after controlling for the gaming variables (β=-.379 to β=-.186). Comparing the three models, especially the coefficients of determination, it is clear that the impact of gaming is a strong effect. In addition to gaming diversity being the strongest effect, including the gaming measures increased the predictive power of the model by roughly 43% (R 2 = .320 compared to .224). The results for the models predicting interest in computer science are presented in Table 3 . Model 2a estimates the effects of gaming involvement on interest in computer science. Both measures of gaming are statistically significant as predictors of interest, with those who play a larger variety of game genres and those who play more often having higher levels of interest in computer science. As found when examining confidence with computers, the standardized effect for gaming diversity is far stronger than that of hours spent playing (β=.462 verses β=.079). The results for Model 2b are somewhat similar to the results from Model 1b. Here, those who starting using computers at a later age, and women, have significantly lower interest in computers, while those who are older have significantly higher interest.
The final model, Model 2c, combines the previous two to include all the predictors in the same regression. As happened with confidence, the effect from hours spent playing games has dropped to non-significant once controlling for other factors and become substantially weaker (β=.079 to β=.044), and the unexpected negative effect from mother's education has slightly increased to the point of significance. Also newly significant is the effect from race, which indicates that Asian participants had significantly more interest in computer science. The effect from gender, though still significant, has shown a noticeable drop in effect size (β=-.431 to β=-.231) . A comparison of the three models yields similar conclusions to those drawn from the confidence models. Specifically, gaming diversity was consistently the most powerful predictor (β=.355 in the final model), and the gaming variables improved the model over a control-only model by 41% (R 2 = .351 compared to .249).
Discussion
The findings discussed here speak to the importance of leisure activities as a means of developing confidence and interest in related areas of one's life. This is particularly important for leisure activities associated with younger individuals as they form identities that will follow them as they begin making choices about their professional lives. Despite this, we often ignore the importance of leisure activities as influences of these decisions. Moreover, video games are often portrayed as a negative factor and seen as counter to professional life. Although each year video games become more accepted within mainstream culture, the public consciousness regarding video games still seems centered on Western FPS games, most often just referred to as "violent video games." This is problematic for two reasons: first, it ignores potentially positive outcomes from gameplay and, second, it ignores a variety of other genres that make up the large and diverse set of experiences to which gamers might be exposed. The present study sought to overcome these limitations by examining prosocial outcomes -confidence with computers and interest in computer science -as a possible outcome of exposure to more diverse gaming experiences.
The findings of the study indicate that there is a clear connection between playing video games and confidence with computers, as well as an interest in computer science. This suggests that playing video games may lead to a wider skill set based on the confidence with computers gained by consistently interacting with technology. Because video games give players a chance to interact with technology in an entertaining environment they are given an opportunity to learn tangentially about the logic involved in computer programs in a way that is stimulating and safe. The greater the variety of games an individual plays, the more chances they have to see the limits and advances of technology in action and interact with them in a way that is difficult to achieve outside of gaming. Moreover, the experimentation afforded to individuals through gaming can then lead to an interest in computer science as more avid players can be inspired to be involved in the creation of games. This echoes the findings of other research which demonstrated the development of specific skills through gaming (Cherney 2008; De Lisi & Wolford 2002; Feng et al. 2007; Green & Bavelier 2007; Lisk et al. 2012; Mayo 2009 ). These implications are particularly important in relation to the findings of DiSalvo et al. (2014) , which noted the influence of game testing in encouraging an interest in computer science.
Although a job play-testing games is an ideal circumstance for quickly introducing students to both video games and the basics of video game creation, these jobs are also limited. The current study suggests that being exposed to a variety of different game genres alone may increase the interest in computer science among students as a more practical alternative. This also means that the stigma surrounding video games as being an unproductive activity for young adults may be very harmful to their ability to establish and interest in computer science.
The results of this study also highlight how playing from multiple genres of games is an important aspect of gameplay that must be considered by future research studying video games. Specifically, those who played a larger variety of video game genres were more likely to feel confident in their technical abilities and to have an interest in computers, whereas the measure of gameplay through hours alone was not significant. According to the Electronic Software Association (ESA), shooters only make up 20.0% of console genres sold and make up only 7.1% of computer games sold in 2014 (ESA, 2014) . Although FPS games do not make up the entirety of violent gaming experiences, this does illustrate that the genres of video games are much more diverse than is often presented. When the research literature focuses predominately on one type of game (e.g., Carnagey et al. 2007; DeCamp 2014; Ferguson et al. 2014) , it both ignores a large potential pool for research and gives the impression that FPS games represent video games as a whole. This is problematic both in that it is an artificial limit on studies, and also that FPS tend to be predominately western games and privilege male narratives. By excluding the benefits of the large number of games with non-masculine narratives, it continues to perpetuate the idea of gaming as a male dominated environment.
It should be acknowledged that this study is not without some limitations. Primarily, time-order cannot be fully established with the data used. Although the primary measure for gaming was based on the past six months and the measures for confidence and interest were present-time, one expects the relationship to expand far beyond that time frame and extend into childhood. Given that video games are marketed heavily towards children and teens, it could be expected that an interest in video games would be cultivated before an interest in computer science in the majority of individuals. Future research with youth participants and/or longitudinal data would be ideal for further investigating this possibility.
The data and analyses in this research provide strong empirical support of a relationship between playing video games and confidence with computers and interest in computer science. These findings highlight the importance of issues of inclusiveness with respect to video games, particularly for women and racial/ethnic minorities. Although additional studies are needed in order to conclude that this effect is occurring more broadly, these findings suggest that the inclusion of more diversity within gaming content and culture may encourage groups who have been largely been excluded from computer culture, particularly with regard to computer science, such as women. Overlooking the cultural significance of video games and their relationship to a growing technological culture has made it difficult to assess just how much impact exclusion may have for groups not well represented as players or within game content. More research and attention to these kinds of effects would be beneficial, to say the least, as we begin to take video games more seriously as a new and growing medium.
